Abstract: This paper surveys sowing norms (row spacing and seed rate) in both our country and the world, as well as the optimal seed rates in grass seed production. It gives a short overview of row spacings and seed rates applied in our and some other countries. Earlier, grass cultivated for the purpose of seed production was grown on small vegetation area. According to some researches, high seed yields can be achieved by cultivating grass on large vegetation area.
I n t r o d u c t i o n
The major factors of the slow spreading of grass seed production in our country are low and unstable yields due to an inadequate cultivation technology. Row spacing and sowing rates are known to be the major factors affecting grass seed yield. Row spacing, i.e. an optimal number of plants per unit area is of major importance in both seed and forage production. The number of plants per unit area can be affected by row spacing and seed rate. A smaller number of plants per unit area is obtained in wide spaced rows using smaller seed rates. A greater number of plants per unit area is obtained in narrow spaced rows using higher seed rates.
According to numerous investigators in Yugoslavia and abroad, highest grass seed yields were achieved with wide spaced rows using smaller seed rates (K e l l n e r et al. The main purpose of this project would be to find the optimum number of plants per unit area for the succesful production of grass seeds. In this paper it is especially wanted to emphasize differences in size of vegetation space for grass crop growing, under various agroecological conditions of some world production regions. It is also wanted to emphasize the results of contemporary research in the world and in our country.
Results and Discussion
Influence of row spacing and sowing rate on cocksfoot (Dactylis glomerata L.) seed yield According to numerous investigators in Yugoslavia and abroad, the highest cocksfoot seed yields were achieved with wide spaced rows using smaller seed rates (K e l l n e r et al. The highest cocksfoot seed yield was achieved with plants grown in 50 cm spaced rows employing 8 kg/ha of seeds (713.2 and 822.1 kg/ha in 1997 and 1998 respectively). Substantially lower yields were achieved with plants sown in narrow spaced rows employing larger sowing rates. In 1997 and 1998 plants sown in 50 cm spaced rows yielded 669.8 and 723.7 kg/ha of seeds, respectively. In 20 cm spaced rows plants yielded 492.0 and 549.7 kg/ha of seeds, respectively.
Influence of row spacing and sowing rate on timothy (Phleum pratense L.) seed yield
According to numerous investigators in Yugoslavia and abroad, the highest timothy seed yields were achieved with wide spaced rows using smaller seed rates According to numerous investigators, the highest meadow fescue seed yields were achieved with wide spaced rows (40- Under the agroecological conditions of Romania tall fescue has been grown in rows 60-120 cm apart at sowing rates providing plant densities of 80-120 plants/m 2 (K e l l n e r, 1975). Higher seed yields were reported in 18 cm spaced rows (742 kg/ ha of seeds) then with 24 and 12 cm ( 610 and 700 kg/ ha of seeds).
Optimal seed yields (830 kg/ha) were recorded in 18 cm spaced rows using 25 kg/ha of seed. Less favourable yields were achieved at the rate of 10, 15 and 20 kg/ha of seeds (Y a n g et al., 1985). According to numerous investigators, the highest tall fescue seed yields were achieved with wide spaced rows and lower seed rates ( Based on the obtained data, it can be concluded that the highest tall fescue seed yields were achieved on a larger vegetation area considering both trial years. In 1995 and 1996 yield amounted to 470.6 and 585.1 kg ha -1 in 20 cm spaced rows, respectively. On the other hand, in 50 cm spaced rows seed yield amounted to 528.1 and 680.6 kg ha -1 in 1995 and 1996, respectively. Based on the results obtained, it can be concluded that the highest tall fescue seed yields were achieved in 50 cm spaced rows by employing 4 kg of seeds ha -1 . In 1995 and 1996 yield amounted to 570.8 and 700.7 kg ha -1 in 50 cm spaced rows by employing 4 kg of seeds ha -1 .
Influence of row spacing and sowing rate on Italian ryegrass (Lolium italicum A. Br.) seed yield
Under the agroecological conditions of Italy, Italian ryegrass average seed production was 1.03 and 0.89 t/ha with 5 and 10 kg/ha seed, respectively, and it was 1.06, 1.02 and 0.81 t/ha with rows 20, 40 and 60 cm apart (O r s i and T a l a m u c c i , 1975). According to C r a i u and B a l e a n u (1979) with sowing rate increasing, seed yields ranged from 1.71 to 1.91 t/ha in rows 12.5 cm apart and from 1.86 to 2.06 t/ha in rows 42 cm apart at the 1 st cut and from 396 to 329 kg/ha in rows 12.5 cm apart and from 527 to 438 kg/ha in rows 42 cm apart at the 2 nd cut. Germination and germination speed were greater in seeds from plants grown in rows 42 cm apart than in seeds from plants grown in rows 12.5 cm apart. In trials during 3 years, L. italicum grown in rows 10, 30 or 50 cm apart and used for seed production in the 1 st or 2 nd cut gave the highest average seed yields when grown in rows 30 cm apart, 1.64 t/ha in the 1 st cut and 1. 38 Based on the obtained data, it can be concluded that the highest Italian ryegrass seed yields were achieved on smaller vegetation area considering both trial years. In the first and the second year the rows 20 cm apart averaged significantly higher seed yield than rows 50 cm apart. In 1995 and 1996 yield amounted to 264.2 and 270.1 kg/ha in 20 cm spaced rows, respectively. On the other hand, in 50 cm spaced rows seed yield amounted to 171.4 and 180.5 kg/ha in 1995 and 1996, respectively. Based on the results obtained, it can be concluded that the highest Italian ryegrass seed yields were achieved in 20 cm spaced rows. In 1995 and 1996 yield amounted to 285.7 and 280.2 kg/ha in 20 cm spaced rows by employing 20 and 10 kg/ha of seeds.
Influence of row spacing and sowing rate on perennial ryegrass (Lolium perenne L.) seed yield
Row spacing and sowing rate are known to be the major factors affecting perennial ryegrass seed yield. According to P o p o v (1977), perennial ryegrass seed yield was significantly higher with 11 cm (1690 kg/ha) compared with 50 cm spaced rows (1320 kg/ha). K e l l n e r (1975) concluded that the most favourable yields were achieved with optimal population density of 120-160 plants per m and with 20-60 cm spaced rows. According to S c h o b e r l e i n (1980), the most favourable results in the production of perennial ryegrass seeds were obtained by sowing in wide spaced rows (20 cm) using 6-11 kg of seeds per ha. According to F i š a k o v (1984), the most favourable results in perennial ryegrass seed production were obtained by sowing in wide spaced rows (25 cm) using 20 kg of seeds per ha.
V u č k o v i ć et al., 1998, studied the effect of row spacing on perennial ryegrass seed yield under the agroecological conditions of Srem. The highest perennial ryegrass seed yield was achieved with plants grown in 20 cm spaced rows employing 20 kg/ha of seeds (750.6 and 560.3 kg/ha in 1995 and 1996 respectively). Substantially lower yields were achieved with plants sown in wider spaced rows employing lower sowing rates. In 1995 and 1996 plants sown in 20 cm spaced rows yielded 694.5 and 537.7 kg/ha of seeds, respectively. In 50 cm spaced rows plants yielded 333.5 and 466.4 kg/ha of seeds, respectively.
C o n c l u s i o n
Based on the results obtained, it can be concluded that highest cocksfoot, timothy, meadow fescue, tall fescue seed yield was achieved with plants grown in 50 cm spaced rows employing lower seed rates (8 and 4 kg/ha of seeds).
The highest Italian ryegrass and perennial ryegrass seed yield was achieved with plants grown in 20 cm spaced rows employing 20 kg/ha of seeds. R E F E R E N C E S 1. B a l a n, C., B a n c i u, T., D r a g o m i r, N., F l o r e a, A., K e l l n e r, E., P o p a, T.(1979): Rezultate experimentale cu epoci, distante si densitati de semanat la raigrasul peren (Lolium perenne L.) cultivat pentru Saminta. Analele Institutului de Cercetari pentru Cereale si Plante Tehnice, Fundulea, 44, 109-114. 2. C r a i u, D., B a l e a n u, M., (1979): Efectul distantei si densitatii de semanat asupra productiei de saminta la raigrasul aristat (Lolium multiflorum Lam.)in conditii de irigare. Analele Institutului de Cercetari pentru Cereale si Plante Tehnice, Fundulea, 44, 101-107.
